Introduction
The world i n which the maritime industry operates i s undergoing a technological change that i s more pronounced now t h a n in the past because of the degree of advancement, the frequency of introduction, the size of the resources needed to bring them about, the rate of diffusion, and the interaction between p o l i t i c a l , economic, and national security events. Technological change i s t h e most powerful factor in the business environment today and i t s power i s growing. Technological change i s impressive, not only because of i t s variety, b u t also because of i t s chain reaction effects on the industry and society. Unquestionably, our era of dynamic business change i s based on technological progress and competition. In t h i s r a p i d l y changing environment, products, materials, skills, and prod u c t i o n f a c i l i t i e s a r e made obsolete in a very short period of time.
A t the same time, new findings in science and advancements i n technology offer opportunities equally far reaching making i t a f i r s t r equirement of the leaders in business and government t o be sensitive, aware and more receptive to technological change a s a major force to be employed in creating that all important competitive edge.
flaritime transportation must consider, adopt, and use these new technologies. Materials, computers, robotics, communications and energy technology change, t o name b u t a few, must be more strongly harnessed by the maritime industry.
This paper addresses some of the major challenges that are facing the maritime industry and discussespossible courses of action t o deal with these challenges.
High Technology Development in the Maritime Industry -

Robot in Shipyard Production Welding Ship Plate
What i s t h e f u t u r e of the U.S. maritime industry i s the most important question facing the maritime fieldtoday. If this question can be answered in a c l e a r and posit i v e manner, the solutions will become evident. This future growth for the maritime industry must be examined from a commercial and a national security view.
Significance of Maritime Future
The U.S. depends on i t s domestic and international trade as a vital element of i t s economic infrastruct u r e . Our nation's well-being is intertwined with that of the rest of the world resulting in substantial commodity trade which depends upon responsible international transportation services.
As shown on F i g u r e l , U.S. trade has had a long term increase. Forecasts indicate the growth will continue.
By The magnitude o f the tradinq opportunity rewired of the merchant marine serving the U.S. icshown in Figure 2 . The U.S. i s t h e l e a d e r i n world trade. Of the seven industrial nations, 26% of the total trade i s t o o r from the U.S. Figure 3 shows ship construction opportunities for 1980 to the year 2000. This figure considers U.S. foreign trade as the market and examines the deadweight and number of vessels required t o c a r r y t h i s t r a d e .
The scale on the left denotes number of vessels. I t indicates that nearly 1400 new vessels will be required by the year 2000, o r a deadweight of 56 million of new construction --a s i g n i f icant opportunity for U.S. shipbuilding industries. G i v e n t h a t t h e U.S. m a r i t i m e i n d u s t r y i s v i t a l t o t h e n a t i o n ' s n a t i o n a l s e c u r i t y i n t e r e s t s , i t m u s t n o t o n l y s u r v i v e , b u t i t must keep pace w i t h p r o j e c t e d g r o w t h and t r a d e . The merchant marine i s a s e r v i c e i n d u s t r y . I t s c r i t i c a l i t y t o t h e n a t i o n can be measured by i t s a b i l i t y t o e s t a b l i s h and m a i n t a i n t h e U.S. as a w o r l d t r a d e l e a d e r a s s i s t i n g o u r f o r e i g n t r a d e and p r o v i d i n g e f f i c i e n t t r a n s p o r t a t i o n c o n t r o l o f o u r commerce.
Construction of VesseLs to Serve
U.S.-Foreign T d e '
The i m p o r t a n c e o f t r a d e t o o u r n a t i o n a l economy has been r a p i d l y i n c r e a s i n g . T h i s t r a d e / n a t i o n a l economy r e l a t i o n s h i p has been f l a t up t o t h e l a t e 1 9 6 0 ' s .
In
t h e l a t e 1 9 6 0 ' s , t h e p e r c e n t a g e o f U.S. t r a d e as a p a r t o f t h e n a t i o n a l economy began t o d r a m a t i c a l l y i n c r e a s e ( F i g u r e 4 ) . By 1980, t h e p e r c e n t a g e o f U.S. t r a d e t o t h e t o t a l g r o s s n a t i o n a l p r o d u c t r e a c h e d 1 8 . 5 9 . E s t i m a t e s a r e t h a t b y t h e y e a r 2000 t h i s c o u l d reach 305. The message i s t h a t we must maintain e f f i c i e n t c o n t r o l o v e r t h i s r a p i d l y g r o w i n g , i m p o r t a n t s e c t o r o f t h e U.S. economy.
I n summary, t h e p o t e n t i a l U.S. m a r i t i m e g r o w t h i s based on:
o t h e U.S. b e i n g t h e w o r l d ' s t r a d e l e a d e r ;
o t h e m a r i t i m e s h i p p i n g r e q u i r e m e n t s i n t h e U.S. b e i n g l a r g e and growing; o t h e U.S. economy being increasingly dependent on f o r e i g n t r a d e . o e f f i c i e n t t r a n s p o r t a t i o n b e i n g c r i t i c a l ; o t h e U . S . -f l a g s h a r e o f U.S. commerce movements being low.
W i t h t h i s t r a d e o p p o r t u n i t y , g r o w t h p o t e n t i a l , and n a t i o n a l i m p o r t a n c e , o u r m a r i t i m e f u t u r e o u g h t t o b e a n o p t i m i s t i c o n e .
Problems Facing the Maritime Industry
The f o l l o w i n g a r e a few f i r s t o r d e r problems facing our i n d u s t r y : o S t u d i e s i n d i c a t e U.S. c o n s t r u c t i o n c o s t s a r e m o r e t h a n 1 0 0 % h i g h e r t h a n f o r e i g n c o n s t r u c t i o n . This makes t h e i n t o And f i n a l l y , t h e U.S. m a r i t i m e i n v e s t m e n t i n change and i t s a b i l i t y t o a d a p t has been low. Our research and technology development investments have been meager.
C h a l l enges
To develop a n a t i o n a l s t r a t e g y w h i c h w i l l c r e a t e a n environment conducive to a h e a l t h y m a r i t i m e i n d u s t r y , we must f i r s t u n d e r s t a n d t h e n a t u r e o f t h e c o m p e t i t i v e f o r c e s t h a t have d r i v e n us t o o u r p r e s e n t s t a t u s . The c h a l l e n a e s -s o p o w e r f u l t h a t management i n t h e n e x t decade w i l l be the management of continuous changei n c l u d e : o t h e t a r g e t e d i n d u s t r y s t r a t e g y ; It
U.S. must meet t h i s c h a l l e n g e . m o t h e r c h a l l e n g e i s t h e emergence o f t h e d e v e l o p i n g c o u n t r i e s t h a t have n a t u r a l r e s o u r c e s and l o w c o s t l a b o r t h a t c a n be nationally harnessed and focused towards shipping and s h i p b u i l d i n g . A t h i r d m a j o r challenge is the technology explosion which has genera t e d s o m e t h i n g l i k e
90% o f a l l o u r knowledge i n t h e s c i e n c e s w i t h i n t h e l a s t 30 years. I t w i l l double our knowledge again i n t h e n e x t 1 0 -1 5 y e a r s and w i l l tend t o make m a j o r i n v e s t m e n t s o b s o l e t e l o n g b e f o r e t h e i r u s e f u l l i f e c a n b e r e a l i z e d .
A f o u r t h c h a l l e n g e t h a t has been defined i s overcoming the special problems i n t h e U.S. o f l i m i t e d r e t u r n o n e q u i t y o f m a j o r i n d u st r i e s r e l a t e d t o t h e a d v e r s e e f f e c t o f o u r p a s t b u s i n e s s p r a c t i c e s , t a x l a w s a n d i n f l a t i o n .
I n d u s t r y C y c l e Most U.S. i n d u s t r i e s have s u f f e r e d u n d e r t h e s e f o u r c h a l l e n g e s --t h e m a r i t i m e i n d u s t r y p o s s i b l y more so because o f i t s i n t e r n a t i o n a l n a t u r e .
One concept used t o e x p l a i n t h e g e n e r a l i n d u s t r i a l c o n d i t i o n s i n t h e U.S. i s t h e K a n d r a t e i f l o n g wave. The l a s t g e n e r a l i n d u s t r y l o n g wave i s p i c t u r e d a s s t a r t i n g i n
This concept p i c t u r e s an i n d u s t r i a l t r e n d as a c y c l e w i t h a 54-year p e r i o d ( F i g u r e 5 ) . R e c e n t l y , t h e M a s s a c h u s e t t s I n s t it u t e o f T e c h n o l o g y ( M I T ) r a t i o n a l i z e d t h e l o n g wave
Historic "Long Wave" Business Cycle Showing the Present Challenge
The f i r s t phase i s a 1 5 -y e a r c o l l a p s e i n w h i c h o b s o l e t e f a c i li t i e s i n o v e r c a p a c i t y a r e w r i t t e n down. Then a t t h e end o f t h a t p e r i o d , a tremendous excess demand over s u p p l y d e v e l o p e d w h i c h r e s u l t e d i n a massive 20-year c a p i t a l r e i n v e s t m e n t p r o g r a m f o r t h e U.S. i n d u s t r y .
F o r a normal U.S. i n d u s t r i a l base, p r i c e s w e r e g o i n g u p f a s t e r t h a n c o s t , a n d p r o f i t m a r g i n s w e r e l a r g e .
M I T f u r t h e r p o i n t s o u t t h a t t h i s p r o c e s s o f h i g h c a s h f l o w -l a r g e p r o f i t m a r g i n s t e n d s t o r e j e c t new techn o l o g y o n t h e b a s i s t h a t t h i s i s s o m e t h i n g t o o r i s k y t o try when t h i n g s a r e g o i n g
so w e l l w i t h t h e p r e s e n t system. The t h i r d p h a s e o c c u r s w i t h t h e b a l a n c e of supply and demand a n d w i t h a f a c i l i t y o v e r c a p a c i t y o f about 25% worldwide. During this period, competition h o l d s down p r i c e a s c o s t s c o n t i n u e t o r i s e , and b u s iness begins t o erode i t s a s s e t s i n r e a l t e r m s .
A t t h e end o f t h i s t h i r d phase, t h e enormous n a t i o n a l a n d worldwide overcapacity must be shut down. 
a p a c i t y and o b s o l e t e f a c i l i t i e s i n o r d e r t o i m p r o v e t h e c o m p e t i t i v e p o s i t i o n and r a p i d l y a d v a n c e o u r p r o d u c t i v i t y . F o r t h e m a r i t i m e i n d u s t r y , t h i s l o n g wave c y c l e has n o t been t h e c l e a r s i t u a t i o n .
The i m p a c t o f t e c hn o l o g y , e n t r a n c e o f d e v e l o p i n g c o u n t r i e s , a n d t a r g e t i n d u s t r y s t r a t e g y o c c u r r e d s i m u l t a n e o u s l y t o an over- f l e e t t o w o r l d f l e e t t o n n a g e .
A
l o g a r i t h m s c a l e i s used i n t h e p l o t t o m o
s and processes were put into place. Overc a p a c i t y a n d m a r k e t d e c l i n e , c a u s e d b y t h e t a r g e t e d industry strategy and technologies, have caused the d e c l i n e r a t h e r t h a n a b u s i n e s s c y c l e as w i t h m o s t smokestack American 50-year cycles.
The n e t r e s u l t i s a h i g h l y dampened U.S. m a r i t i m e i n d u s t r y .
What can the U.S. r e a c t i o n t o t h i s c o n d i t i o n be? To answer t h i s , t h e t h r e e c h a l l e n g e s m u s t be examined: t a r g e t e d i n d u s t r y s t r a t e g y , t e c h n o l o g y , a n d e n t r a n c e o f d e v e l o p i n g n a t i o n s .
We cannot, nor should we ha1 t t h e e f f e c t i v e and n a t u r a l e n t r a n c e o f d e v e l o p i n g n a t i o n s i n t o t h e m a r i t i m e i n d u s t r y . Y e t , we can use the two remaining challenges to our advantage --
Concerning technology, the 54-year cycle t h a t normally !.ejects new technology has recently seen a spectacular explosion of new products and systems in the U.S. This rapid acceptance of technology, which i s focused on improving production and our competitive position, could also be applied to the maritime industry.
W e should n o t r e j e c t new high technologies.
Targeted Maritime Industry Strategy
a U.S. manager will leave the price at this level independent of the market reaping short term profits.
As the market grows, the manager i s then required to drastically reduce prices in order to remain in the market.
However, if prices had been decreased early (as shown by t h e d o t t e d l i n e ) t o
a point below everyone's entry point, the resulting profits might be 10 times as much. Targeted industry strategy is being used by many foreign nations. The procedure followed by those nations that have successfully used targeted industry strategy is to f i r s t t a r g e t an industry for growth, then bring together all the players in that industry.
LEARNING CURVE STRATEGY
Next, the business is concentrated. Imports are controlled to enhance base load economies of scale in the home market. Then R&D objectives, based on manufacturing engineering improvements, are parceled out to avoid redundant efforts, and new systems are supported with low c o s t c a p i t a l .
Market share is gained very rapidly until economies of scale catch up with the prices. The U.S. maritime industry has suffered from the overseas application of the targeted industry strategy.
I n addition, other U.S. industries, such as steel, automotives, machine t o o l s , and consumer electronics, have also suffered. Leadership in other areas, such as plastics, aircraft, petrochemicals, computers, and f l e x i b l e manufactured machinery, are being similarly threatened. The application of t h i s s t r a t e g y a s used by o t h e r c o u n t r i e s i s unencumbered by r e s t r i c t i v e a n t i -t r u s t laws and often is supported by a host of other nationally supported measures.
The United S t a t e s , however, s t i l l has the world's most advanced research capability, an incomparable industrial infras t r u c t u r e , and the largest maritime market.
I t can regain or retain its competitiveness by taking more advantage of these inherent opportunities.
The U.S. maritime industry should respond t o t h e international industry targeted strategy. I t i s important to remember t h a t t h e U.S. has by f a r t h e world's most advanced technology in almost every area of i n t e r e s t . I t has the industrial infrastructure with which t o t r a n s l a t e new developments into products and processes. I t has a unique entrepreneurial culture and the largest international maritime market. And f i n a l l y , i t has the world's most effective capital formation capability.
All t h a t i s needed a r e t h e initiatives required to mobilize these capabilities, remove t h e b a r r i e r s t h a t impede collaboration, and f u r t h e r enhance the incentives for doing so. The United States can then be a major beneficiary of t h i s burgeoning period of change.
Expanding Technology The magnitude of the world technology explosion can best be s e e n i n t h e f a c t t h a t i n t h i s l a s t 30-year period, something like
90?: of a l l s c i e n t i f i c knowledge has been generated. This pool will double again in the next 10 o r 15 years. Figure  8 shows the explosion of technology being plotted from the beginning of c i v i l i z a t i o n u p to the year 2000. There i s a tremendous build-up of underutilized technology fueling the next cycle i n electronics, communications, engineering, plastics, bioyenetics, specialty chemicals, pharmac e u t i c a l s , and so forth. This build-up has not found i t s way into the maritime industry as rapidly as in other industries.
These new technologies must be rapidly applied in our maritime industries i n order to reach the growth potential this country demands. Shipbuilding and ship operating, being such highly competitive industries, must take particular note of these vast technology changes and apply them i n t h e i r businesses.
New systems will take on increased significance in the next few years, and we are looking ahead t o one of the most interesting periods the world has ever seen. The industries that rapidly employ the best of the U.S. technologies, not necessarily producing the "high technologies," are rapidly expanding.
Many new companies w i t h new maritime industry support potential have been formed in the last several years.
How i s t h e r e s t o f the world reacting t o these changes? The U.S. a decade ago was generating something like 75% of the world's technology.
Wow the U.S. s h a r e i s a b o u t 505. I n another decade i t may be 301, not because we are generating less, b u t because the other 95% of the world will also be contributing. All countries in the world now see technology as being e s s e n t i a l t o t h e q u a l i t y o f l i f e and a r e g e t t i n g i n t o this business. T h i s e x p l o s i o n o f t e c h n o l o g y , t h e r e f o r e , i s much more s i g n i f i c a n t t h a n i s r e a l i z e d a n d it w i l l c o n t i n u o u s l y change. Some o f t h e a r e a s i n w h i c h new developments w i l l occur and which should be r a p
i d l y c o n s i d e r e d b y t h e m a r i t i m e i n d u s t r y i n o r d e r t o r e g a i n i t s p o s i t i o n a r e m a t e r i a l s f o r s h i p c o n s t r u c t i o n
and equipment, a g r i c u l t u r e a n d b i o c h e m i c a l a r e a s f o r t r a n s p o r t p o t e n t i a l , e l e c t r o n i c s y s t e m s f o r f l e e t management, f l e x i b l e m a n u f a c t u r i n g f o r b u i l d i n g and r e p a i r , e t c .
Example areas i n which these new developments could i m p a c t t h e m a r i t i m e i n d u s t r y a r e g r a p h i t e f i b e r and r e i n f o r c e d p l a s t i c s . The m a t e r i a l s i n d u s t r y has prog r e s s i v e l y w o r k e d i t s way i n t o c o n s t r u c t i o n , a i r c r a f t , automobiles, and appliances. The t e c h n o l o g y i s n o t o n l y i n new m a t e r i a l s , b u t i n t h e c a p a b i l i t y o f e n g i n e e r i n g t h e m a t e r i a l s a n d t h e s t r u c t u r e s i m u l t an e o u s l y f o r i n d u s t r i a l
use. Both material and cons t r u c t i o n c o s t s a r e r e d u c e d .
Looking a t t h e t e c h n o l o g y d e v e l o p m e n t e n v i r o n m e n t i n t h e m a r i t i m e s e c t o r , F i g u r e 9 g i v e s a comparison o f t h e U.S. t r a n s p o r t a t i o n r e s e a r c h i n v e s t m e n t s b e i n g made. The l a s t o f t h e p r e v i o u s l y m e n t i o n e d p r o b l e m s i s r e a d i l y a p p a r e n t , i .e., "R&D investment i n t h e m a r i t i m e f i e l d i s low." The investment i n w a t e r t r a n sp o r t a t i o n r e s e a r c h i s one o f t h e l o w e s t 
--52 o f t h e t o t a l . Air t r a n s p o r t a t i o n i s one o f t h e h i g h e s t --63% o f t h e t o t a l . T h i s i s i n s p i t e o f t h e f a c t t h a t w a t e r t r a n s p o r t a t i o n moves 36% o f d o m e s t i c f r e i g h t . The l a c k o f p r i o r i t i e s as t o R&D e f f o r t s i n t h e m a r i t i m e f i e l d i s q u i t e e v i d e n t .
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T h e r e a r e f i v e e l e m e n t s o f U.S. m a r i t i m e m a r k e t success:
1. 
2.
3.
4.
R e c o g n i t i o n o f t h e m a r i t i m e i n d u s t r y as a v i t a l n a t i o n a l i n d
u s t r y . Employing some f o r m o f t h e t a r g e t e d i n d u s t r y s t r a t e g y . I m p r o v i n g i n d u s t r y p r o d u c t i v i t y and competitiveness. Leadership i n t h e a p p l i c a t i o n o f i n n o v a t i v e p r a c t i c e s . Developing business opportunities which have t h e p o t e n t i a l f o r h i g h e s t g r o w t h . L a r g e r w i t h r a t i o n a l i z e d c r e w
A b a s i c r e q u i r e m e n t f o r a h e a l t h y , c o m p e t i t i v e i n d u st r y i s t h e n e c e s s i t y t o
keep l o o k i n g ahead. We must be a b l e t o move f o r w a r d o r change d i r e c t i o n s t o i n s u r e t h a t r e q u i r e m e n t s a r e m e t i n t h e b e s t way p o s s i b l e f o r o u r n a t i o n and our industry.
To accomplish this, two c o n s i s t e n t themes emerge:
1. We m u s t s t r i v e t o b e w o r l d l e a d e r s .
2. We must seek t o i d e n t i f y and move aggressivel y i n t o m a r i t i m e b u s i n e s s a r e a s of h i g h e s t g r o w t h p o t e n t i a l .
To c a p i t a l i z e o n t h e w o r l d c h a n g e s , we m u s t s t r i v e t o be l e a d e r s i n t h e e l e m e n t s t h a t a r e n e c e s s a r y f o r business success. To be i n a l e a d e rs h i p r o l e , a l l stages of the innovation process must be i n p l a c e .
U.S. s t r e n g t h r e s i d e s w i t h i n i n n ov a t i o n s i
A second p o i n t t o n o t e i s t h a t i n n o v at i o n r e q u i r e s more than the technology. Market, economic, and national policy development are requirements t o be i n t h e l e a d e r s h i p r o l e t h r o u g h i n n o v a t i o n .
R&D i s a m a j o r t o o l a n d s i n c e i t r e c e i v e s r e l a t i v e l y l i t t l e m a r i t i m e i n d u s t r y s u p p o r t , t h e r e i s a need for research and development i n t h e m a r i t i m e i n d u s t r y . I n t h e p u r s u i t , s e v e r a l R&O d i r e c t i o n s become e v i d e n t . F i r s t , we must pursue research i n t h e new ocean shipping growth markets. Third, we must improve overall productivity and efficiency within the maritime industry itself.
Fourth, n e must reduce ship construction time, reduce maintenance costs through effective standardization and simplification of systems.
Fifth, we must reduce fuel costs through improvements in overall fleet efficiency and utilization of alternate fuels.
Sixth, our future fleet must have a national security potential without sacrificing its competitive position in the commercial market.
And finally, we must have stronger partnerships between government/industry, management/labor, and academia. No innovation or long term development effort can succeed without the continual partnership of each o f these important elements. Part of the problem with successful technology applications is related to the "rates of implementation," the long term associated with obtaining institutional changes. A government/ industry partnership could be used to speed up this process.
Summa ry
Our nation's well-being i s increasingly dependent on international commodity trade, which relies upon efficient and competitive transportation services. By the year 2000, 1.48 billion tons of U.S. trade is forecasted to be available for merchant shipping. This could mean that 1400 new vessels will be required by the year 2000. The maritime shipping requirements in the U.S. are large and growing.
Competition, productivity and technology are the key challenges facing the maritime industry. The targeted industry strategy has been used effectively by other The marine industry has a tendency to define competitiveness, productivity and technology in terms o f the present. This results in the industry playing a continuous game of "catch up" in cost parity with its 
Maritime Energy Efficiency Measures
o m p e t i t i o n h a s p r o g r e s s e d t o a n o t h e r p l a t e a u of competitiveness. The c y c l i c a l n a t u r e o f U.S. indust r i e s has n o t been the case forthemaritilleindustries.
Since World War I 1 i t has been a h i g h l y dampened i n d u s t r y . I n t h e 1 9 4 0 ' s , t h e i m p a c t of technology, e n t r a n c e o f d e v e l o p i n g c o u n t r i e s , and t a r g e t e d i n d u st r y s t r a t e g y o c c u r r e d s i m u l t a n e o u s l y t o a n o v e r c a p a c it a t e d U.S. i n d u s t r y . These a c t i o n s h a v e c o n t i n u e d t o t h e p r e s e n t . T h i s n a t i o n and t h e m a r i t i m e i n d u s t r y must respond t o t e c h n o l o g y change and t h e t a r g e t e d i n d u s t r y s t r a t e g y . There must be a s t r o n g f u t u r e o r i e n t a t i o n t o a m a r i t i m e s t r a t e g y .
Future Fleet With Enhanced
idew t e c h n o l o g i e s i n e l e c t r o n i c s , communications, materials, chemicals, and robotics, f o r example, must be r a p i d l y a p p l i e d . f u e l c o s t s a n d u s e o f a l t e r n a t e f u e l s , a n d a f u t u r e m a r i t i m e f l e e t w i t h n a t i o n a l s e c u r i t y p o t e n t i a l w i t h o u t s a c r i f i c i n g i t s c o r n p e t i t i v e p o s i t i o n .
To accomplish the necessary technology innovations, we must have stronger partnerships.
A l l components ( l a b o r , management, government and academia) must want, and must work together i n o r d e r t o b u i l d a n i n n o v a t i v e and p r o d u c t i v e i n d u s t r y .
The s i g n s t h a t t h i s c a n happen, and i s happening i n some instances, are present.
I n s h o r t , t h e m a r i t i m e i n d u s t r y m u s t become c o m p e t i t i v e b y t h e a p p l i c a t i o n o f t h e b e s t t e c h n o l o g y p o t e n t i a l of t h i s n a t i o n .
It m u s t a l s o u s e l o n g t e r m n a t i o n a l s t r a t e g y t o compete on an i n t e r n a t i o n a l s c a l e . We have the market, the technology, the structure, and the need. We c a n a n d m u s t m e e t t h e c h a l l e n g e s o f i n t e r n a t i o n a l c o m p e t i t i o n , p r o d u c t i v i t y and technology.
